Objectives: To characterize chest radiographic interpretations in a large population of patients who have received a diagnosis of acute pulmonary embolism and to estimate the sensitivity and specificity of chest radiographic abnormalities for right ventricular hypokinesis that has been diagnosed by echocardiography. Design: A prospective observational study at 52 hospitals in seven countries. Patients: A total of 2,454 consecutive patients who had received a diagnosis of acute pulmonary embolism between January 1995 and November 1996. Results: Chest radiographs were available for 2,322 patients (95%). The most common chest radiographic interpretations were cardiac enlargement (27%), normal (24%), pleural effusion (23%), elevated hemidiaphragm (20%), pulmonary artery enlargement (19%), atelectasis (18%), and parenchymal pulmonary infiltrates (17%). The results of chest radiographs were abnormal for 509 of 655 patients (78%) who had undergone a major surgical procedure within 2 months of the diagnosis of pulmonary embolism: normal results for chest radiograph often accompanied pulmonary embolism after genitourinary procedures (37%), orthopedic surgery (29%), or gynecologic surgery (28%), whereas they rarely accompanied pulmonary emboli associated with thoracic procedures (4%). Chest radiographs were interpreted to show cardiac enlargement for 149 of 309 patients with right ventricular hypokinesis that was detected by echocardiography (sensitivity, 0.48) and for 178 of 485 patients without right ventricular hypokinesis (specificity, 0.63). Chest radiographs were interpreted to show pulmonary artery enlargement for 118 of 309 patients with right ventricular hypokinesis (sensitivity, 0.38) and for 117 of 483 patients without right ventricular hypokinesis (specificity, 0.76). Conclusions: Cardiomegaly is the most common chest radiographic abnormality associated with acute pulmonary embolism. Neither pulmonary artery enlargement nor cardiomegaly appears sensitive or specific for the echocardiographic finding of right ventricular hypokinesis, an important predictor of mortality associated with acute pulmonary embolism.
T
he chest radiograph is a fundamental test for the evaluation of cardiopulmonary disease, and chest radiographic observations are integral to the clinician's formulation of the probability that acute pulmonary embolism underlies cardiopulmonary symptoms. 1 Chest radiographic interpretations influence both the decision to perform additional diagnostic tests for pulmonary embolism 2 and the likelihood that pulmonary embolism caused an abnormal lung scan pattern. 3 However, data that describe chest radiographic findings associated with the diagnosis of acute pulmonary embolism are limited because previous prospective studies involved relatively small numbers of patients 4, 5 or did not describe chest radiographic findings. 6 Furthermore, no study has presented chest radiographic findings for important subgroups of patients with acute pulmonary embolism (eg, postoperative patients), and no study has described the relationship between echocardiographic evidence of right ventricular hypokinesis and chest radiographic abnormalities.
The International Cooperative Pulmonary Embolism Registry (ICOPER) prospectively enrolled 2,454 consecutive patients who had received a diagnosis of acute pulmonary embolism. 7 The registry included patients with symptomatic and asymptomatic pulmonary embolism. It included patients who had received a diagnosis of pulmonary embolism based on current clinical practices using a variety of diagnostic tests (eg, pulmonary arteriography, ventilation and perfusion lung scans, compression ultrasonography of the lower extremities, and autopsy).
The purpose of the present study was to characterize chest radiographic interpretations in a large population of patients who have had acute pulmonary embolism. A secondary aim was to estimate the sensitivity and specificity of cardiomegaly or pulmonary artery enlargement that was detected by chest radiograph for the diagnosis of right ventricular hypokinesis and was confirmed by echocardiography.
Materials and Methods
The ICOPER investigators prospectively identified consecutive patients who had received a diagnosis of acute pulmonary embolism from January 1995 until November 1996 at 52 participating hospitals in seven countries. In order to be broadly representative, the registry did not restrict the criteria for the diagnosis of pulmonary embolism. Acute pulmonary embolism was defined as a diagnosis within 31 days of symptom onset. In order to characterize observations as they were made at the participating centers, the registry accepted the interpretations of imaging studies provided by physicians at the participating institutions.
The chest radiograph was first characterized as normal or abnormal. If it was characterized as abnormal, the investigators were asked to indicate the presence or absence of one or more of the following abnormalities: (1) pulmonary congestion; (2) pulmonary artery enlargement; (3) cardiac enlargement; (4) oligemia; (5) infiltrate; (6) elevated hemidiaphragm; (7) pulmonary infarction; (8) atelectasis; (9) pleural effusion; (10) overinflation; or (11) other abnormalities.
Results

Patients
We registered 2,454 consecutive patients who had received a diagnosis of acute pulmonary embolism. The majority of patients (89%) had symptoms of pulmonary embolism and were hemodynamically stable; 4% were hemodynamically unstable (systolic BP Ͻ 90 mm Hg), and 7% were asymptomatic. Principal symptoms included the following: dyspnea (82%); chest pain (49%); cough (20%); syncope (14%); and hemoptysis (7%). The mortality rate for all causes was 11.4% within 2 weeks after the pulmonary embolism was diagnosed, and 17.4% 3 months after the diagnosis.
Chest Radiographs
Chest radiographs were interpreted for 2,322 patients (95%). Five hundred sixty-three patients had normal results for chest radiographs (24%), and 1,759 patients (76%) had abnormal results. The most common abnormalities were cardiac enlargement, *HPVQ ϭ high-probability ventilation and perfusion lung scan; HPQ ϭ high-probability perfusion lung scan (2); PA ϭ pulmonary arteriogram; NVQ-DVT ϭ nondiagnostic ventilation and perfusion lung scan and deep vein thrombosis confirmed by compression ultrasonography. pleural effusion, elevated hemidiaphragm, pulmonary artery enlargement, atelectasis, and parenchymal pulmonary infiltrate ( Table 2) . Chest radiographs were available for 39 of 61 patients for whom pulmonary embolism was not diagnosed until autopsy. Thirty-four of these 39 patients (87%) had abnormal results on chest radiographs. Pulmonary congestion, cardiac enlargement, and pleural effusions were the most common radiographic abnormalities in these patients (Table 3) .
Chest radiographs were available for 659 of 700 patients (94%) who presented with isolated dyspnea, and the results of chest radiograph were normal for 156 patients (24%). Cardiomegaly (29%), elevated hemidiaphragm (19%), atelectasis (15%), and pulmonary artery enlargement (15%) were common abnormalities that were associated with isolated dyspnea. Chest radiographs were available for 364 of 401 patients (91%) who presented with syncope or hypotension. The chest radiograph result was normal for 93 of these patients (26%). Cardiomegaly (27% of patients), pulmonary artery enlargement (22% of patients), and elevated hemidiaphragm (19% of patients) were the most common abnormalities when patients with acute pulmonary embolism presented with syncope or hypotension.
Chest radiographs were available for 655 of 708 patients (92%) who had undergone major surgery within 2 months of the diagnosis of acute pulmonary embolism. The results of chest radiographs were normal for 146 of these patients (22%). The results of chest radiographs were normal for 16 of 43 patients (37%) who had undergone genitourinary procedures, for 67 of 232 patients (29%) who had undergone orthopedic procedures, and for 13 of 46 patients (28%) who had undergone gynecologic procedures; the results of chest radiographs were normal for only 21 of 133 patients (16%) who had undergone general abdominal surgical procedures and for 3 of 73 patients (4%) who had undergone thoracic surgical procedures.
The most common radiographic abnormality for patients who had received a diagnosis of acute pulmonary embolism after orthopedic surgery was an elevated hemidiaphragm (59 of 232 patients [25%]). Pleural effusions were identified less frequently in these patients (43 of 232 patients [19%] were common chest radiographic abnormalities that were associated with acute pulmonary embolism after abdominal surgical procedures.
The results of chest radiographs were available for 171 of 183 patients (93%) who had a central venous catheter that was associated with acute pulmonary embolism. The results of chest radiographs were abnormal for 140 of these patients (82%). Chest radiographs were available for 1,084 of 1,135 patients (96%) who underwent echocardiography. The finding of cardiomegaly on the chest radiograph appeared neither sensitive (estimated sensitivity, 0.48) nor specific (estimated specificity, 0.63) for the echocardiographic diagnosis of right ventricular hypokinesis that is associated with acute pulmonary embolism (Table 4) . Similarly, the finding of pulmonary artery enlargement appeared neither sensitive (estimated sensitivity, 0.38) nor specific (estimated specificity, 0.76) for the echocardiographic diagnosis of right ventricular hypokinesis (Table 5) . Patients who were Ͼ 70 years of age were more likely to have an abnormal chest radiograph than those who were Ͻ 70 years of age (Table 6 ). Cardiomegaly and pulmonary congestion were more common in patients who were Ͼ 70 years of age with acute pulmonary embolism.
Discussion
The ICOPER provides a unique perspective for reexamination of the chest radiographic findings in patients with acute pulmonary embolism, as well as an opportunity to evaluate chest radiographs from important subgroups of patients.
The ICOPER database confirms and extends previous observations of chest radiographic findings that are associated with acute pulmonary embolism. Patients with acute pulmonary embolism are likely to have an abnormal chest radiograph, as others have reported. 4, 5 The findings from the ICOPER database suggest that cardiomegaly is the most common chest radiographic abnormality that is associated with acute pulmonary embolism, whereas diaphragm elevation was the most common abnormality for 128 patients who were studied in the urokinase pulmonary embolism trial, 5 and atelectasis was the most common abnormality described among 117 patients without prior cardiopulmonary disease who were enrolled in the prospective investigation of pulmonary embolism diagnosis. 4 The differences between the present study and prior work likely represent differences in patient selection. The present study offers a broad view of the chest radiographic interpretations for patients diagnosed with acute pulmonary embolism. Unlike the study of Stein et al, 4 the present study did not attempt to isolate chest radiographic abnormalities that may be unique to pulmonary embolism by eliminating patients with prior cardiopulmonary disease. The present study included all patients who were diagnosed with acute pulmonary embolism. Our observation that cardiomegaly was the most common chest radiographic abnormality associated with acute pulmonary embolism may reflect the propensity of acute pulmonary embolism to occur in the setting of underlying cardiac disease.
The ICOPER database provides the first description of chest radiographic abnormalities associated with acute pulmonary embolism after specific surgical procedures. Not surprisingly, the chest radiograph is usually abnormal when acute pulmonary embolism follows thoracic or general abdominal surgical procedures. In contrast, the ICOPER data suggest that the chest radiograph is normal in at least 25% of patients when acute pulmonary embolism follows orthopedic, gynecologic, or genitourinary surgical procedures. We observed certain chest radiographic abnormalities more often when acute pulmonary embolism followed certain surgical procedures (eg, pleural effusion and general abdominal surgery [33%]) than other procedures (eg, pleural effusion and orthopedic surgery [19%] ). These differences may reflect the incidence of common radiographic abnormalities after specific surgical pro- cedures, rather than different chest radiographic abnormalities caused by pulmonary embolism. Previous investigators have drawn attention to the following three presenting syndromes of acute pulmonary embolism: (1) pulmonary infarction; (2) isolated dyspnea; and (3) circulatory collapse. 9 The ICOPER registry also provided an opportunity to describe chest radiographic observations for a large number of patients who presented with pulmonary embolism and either isolated dyspnea or circulatory collapse. Cardiac enlargement was the most common abnormality associated with both of these clinical syndromes. Normal chest radiographs were found with equal frequency in patients with isolated dyspnea and in those with circulatory collapse. Only enlargement of the pulmonary artery was detected more often when circulatory collapse accompanied acute pulmonary embolism (22%) than when pulmonary embolism presented with the syndrome of isolated dyspnea (15%).
The results of a previous study found that chest radiographic abnormalities occurred with similar frequencies among all age groups with acute pulmonary embolism. 10 However, the ICOPER data suggest that patients who are Ͻ 70 years of age are more likely to have a normal chest radiograph, and that cardiomegaly and pulmonary congestion are more likely to accompany acute pulmonary embolism in elderly patients. This observation may reflect an increased prevalence of chronic cardiac disease among patients aged Ͼ 70 years.
Unsuspected or undiagnosed pulmonary embolism, first recognized at autopsy, remains an important problem. [11] [12] [13] [14] Two studies suggest that undiagnosed acute pulmonary embolism contributes to the death of approximately 5% of patients who undergo autopsies. 12, 13 Morgenthaler and Ryu 12 reported that typical symptoms and signs of acute pulmonary embolism do not identify such patients, in part because these patients are often unable to communicate. Chest radiographic abnormalities may provide a clue to diagnosis for such patients, but investigators have not described premortem chest radiographic findings when pulmonary emboli were first recognized postmortem. The ICOPER registry data suggest that patients in whom fatal pulmonary embolism is not diagnosed antemortem are more likely to have cardiomegaly, pulmonary congestion, and pleural effusions recognized on chest radiographs than other radiographic abnormalities.
Right ventricular hypokinesis, detected by echocardiography, is an important predictor of mortality that is associated with acute pulmonary embolism. 7 An interpretation of enlarged central pulmonary artery or cardiomegaly on a chest radiograph is associated with increased mean pulmonary artery pressure. 15 However, the ICOPER data suggest that neither cardiomegaly nor pulmonary artery enlargement are sensitive or specific predictors of right ventricular hypokinesis. Our estimates of sensitivity and specificity are subject to bias because not all patients underwent echocardiography. However, the bias introduced by this methodology usually inflates estimates of sensitivity and specificity. 16 Thus, our estimates are likely to overestimate the sensitivity and specificity of cardiomegaly and pulmonary artery enlargement for the detection of right ventricular hypokinesis, and our conclusions remain unaltered.
A major limitation of the present study is the absence of predefined criteria for the radiographic interpretations. The data represent unstandardized interpretations by numerous observers, and our results might have differed if specific criteria had been standardized for use by all investigators. Despite this limitation, our data provide a unique description of radiographic interpretations for a large population of patients diagnosed with acute pulmonary embolism. Intraobserver variability occurs with chest radiograph interpretations, and readers must recognize that our data may not apply to their clinical setting because of differences in chest radiographic interpretation.
In summary, the ICOPER database suggests that cardiomegaly is the most common chest radiographic abnormality associated with acute pulmonary embolism. Chest radiographic findings of cardiomegaly, pleural effusion, and pulmonary congestion may provide clues to unrecognized pulmonary emboli that contribute to death. Furthermore, neither chest radiographic findings of cardiomegaly nor pulmonary artery enlargement appear to be sensitive or specific clues to the presence of right ventricular hypokinesis in the setting of acute pulmonary embolism.
